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TRANSMISSION OF DATA PACKETS IN A
RADIOCOMMUNICATION SYSTEM USING A
COMMON HYBRID AUTOMATIC REPEAT
REQUEST (HARQ) PROCESS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and hereby claims priority to

PCT Application No. PCT/EP02/09263 filed on Aug. 19,
2002 and German Application No. 101 41 091.3 filed on Aug.
22, 2001, the contents of which are hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

The invention relates to a method and a radio station for
transmitting data packets in a radio communication system, in
particular 1n a mobile radio system.

In radio communication systems, information (such as
voice, image information or other data) 1s transmitted with the
aid of electromagnetic waves over a radio 1interface between a
sending and a recerving radio station (base station and mobile
station). The electromagnetic waves are radiated using carrier
frequencies lying in the frequency band provided for the
respective system. Frequencies in the frequency band of
approximately 2000 MHz are provided for future mobile
radio systems employing CDMA or TD/CDMA transmission
methods over the radio iterface, for example the UMTS
(Unmiversal Mobile Telecommunications System) or other
3rd-generation systems. Frequency Division Multiplex
Access (FDMA), Time Division Multiplex Access (I DMA),
or a method known as Code Division Multiplex Access
(CDMA) here serve to distinguish the signal sources.

As part of the standardization of the UMTS standard, meth-
ods are currently being specified which support efficient
transmission of data packets. So-called hybrid ARQ (HARQ)
methods are an important technology in this area. Hybrid
ARQ methods dertve their advantage from the fact that incor-
rectly received data packets are stored in a storage facility
(butler) 1n the recerving device so that they can be combined
with succeeding, repeated and, where applicable, modified
transmissions of the data packets. In contrast to known pure
ARQ methods 1n which faulty data packets are rejected, this
advantageously also makes 1t possible to benefit from faulty
data packets to increase the quality of reception. The data
packets which are saved 1n this receiver-side buifer must be
able to be read out very quickly so that no unnecessary delays
occur in the data transmission and analysis. Storage facilities
with this attribute are usually very expensive.

The system of what 1s termed High Speed Downlink Packet
Access (HSDPA) which 1s currently specified for the UMTS
also claims to be able to cater for different services with
different Quality of Service (QoS) requirements simulta-
neously. These different QoS requirements of the data also
necessitate a different form of processing of the respective
data in the HARQ process. Furthermore it 1s necessary for the
data packets of a service which arrive at the receiver to be
reordered 1nto the correct sequence. Typically, the receiver
will not recerve the data packets in the correct sequence since
individual data packets can be disrupted during the transmis-
sion over the radio mterface and have to be requested again
via the ARQ) mechanism, whereas other data packets origi-
nally transmitted at a later time are immediately received
correctly.

In order to satisty these requirements 1t 1s proposed to
provide a separate HARQ) process for each service. However,

10

15

20

25

30

35

40

45

50

55

60

65

2

this disadvantageously leads to the size of the butfer required
for the HARQ process having to be multiplied by the number
of different services, which means that a large and expensive
butler or a plurality of buffers must be provided 1n readiness.

SUMMARY OF THE INVENTION

One possible object of the invention 1s to specily a method

and a radio station which allow more efficient use of the
butter.

The mventors propose that data streams of a plurality of
services should use a common HARQ process. Inthis way the
builfer to be provided on the recerve side for the HARQ
process can advantageously be reduced in size compared to
the method described in the imntroductory remarks.

In order to differentiate between different QoS require-
ments of the services, the data packets to be transmitted
and/or stored on the send side can be linked with a corre-
sponding request. This can be accomplished, for instance, 1n
such a way that each data packet 1s linked with an indication
of the possible number of further transmissions. This depends
where necessary on the respective maximum possible delay
in the transmission. Real-time services such as, for example,
voice or video transmission have a shorter maximum possible
delay than non-real-time services such as, for example, a
downloading of Internet content.

A memory known as a reordering builer, 1.e. a recerve-side
storage facility by which the recerved data packets are
restored to the original sequence of the data stream prior to
turther processing, can be provided for each service sepa-
rately. As this butler 1s relatively slow and consequently rea-
sonably priced, 1t 1s possible to provide a plurality of large
butlers.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the present
invention will become more apparent and more readily appre-
ciated from the {following description of the preferred
embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 1s a block diagram of the structure of a radio com-
munication system,

FIG. 2 1s a schematic representation of the procedural flows
according to one aspect of the invention 1n a sending and a
receiving radio station, and

FIG. 3 shows the structure of a data packet for transmission
over the radio interface.

PR.

(L]
=]

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

Retference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated 1n the accompanying drawings, wherein like ret-
erence numerals refer to like elements throughout.

FIG. 1 shows an exemplary radio communication system
having a plurality of switching facilities MSC (Mobile
Switching Center) which are interconnected. At least one of
the switching facilities MSC generally provides a point of
access to lurther communication systems such as, for
example, a fixed network communication system. Base sta-
tions NB (Node B) are connected to the switching facilities
MSC as send/receive facilities of the radio communication
system. The base stations NB are linked via communication
connections to terminals, specifically to user terminals UE
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(User Equipment), 1t being possible for the terminals to be
mobile or stationary terminals.

Between the base station NB shown 1n FIG. 1 and the user
terminal UE there can exist a unmidirectional or a bidirectional
communication connection with an uplink UL from the user
terminal UE to the base station NB and/or a downlink DL
from the base station NB to the user terminal UE.

FI1G. 2 15 a schematic showing functionalities and facilities
of a sending Tx (transmission) and a recerving Rx (reception)
radio station. The functionalities for transmission and recep-
tion can be realized in a user terminal and a base station in
cach case.

First, data for transmission via the radio interface 1is
selected on the send side. In the example shown 1n FIG. 2, the
data of different services are 1dentified by two data streams 1,
2. In a step 3, a data stream, data stream 1 in the example
shown, and also a possible transmission channel and/or a
transport format are selected. Next, in step 4, the data packets
of data stream 1 are provided with a data stream 1dentification.
In this case, 1in the event that multiple data packets of a data
stream are to be transmitted simultaneously, these data pack-
ets can be linked together (concatenated). Furthermore, the
data packets in step 4 are provided with a data stream- or
service-specific sequence number. Following this, in step 5, a
respective CRC checksum, as 1t 1s called, 1s appended to the
data packets, the checksum enabling transmission errors to be
identified on the receive side.

A data packet DP supplemented in this way 1s shown by
way of example 1n FI1G. 3. In this case the header H of the data
packet DP has been supplemented by a data stream 1dentifier
ID and a sequence number SN. The header H and the actual
usetul data D are terminated by a checksum CRC. The data
packet DP can also be implemented 1n the same way 1n a
different configuration of the individual elements than that
shown, without thereby leaving the range of the invention.

The data packets of data stream 1 are subsequently, 1n step
6, ime-multiplexed with data packets stored in a transmission
butiler on the send side and held 1n reserve for retransmission
in the event of an incorrect transmission and, 1n step 8, trans-
mitted via the radio interface to the receiving radio station Rx.
The data packet transmitted 1n each case 1s then held 1n the
transmission buffer until a positive acknowledgement of the
reception 1s recerved or, on account of the QoS requirements,
such as, for example, maximum possible transmission delay,
a retransmission of the data packet 1s deemed not to be useful.

In the recerving radio station Rx, the data packets are
received 1n step 9 and stored 1n a fast recerve builer 10. Then,
in step 11, the checksum CRC of each of the data packets 1s
checked. If it 1s established in step 11 that the checksum 1s
correct, 1n step 12 the sending radio station Tx 1s signaled by
an ACK (Acknowledge) message that the data packet has
been successiully received. This data packet can then be
deleted from the transmission buffer 7 and the receive butifer
10. I, on the other hand, 1t 1s established 1n step 11 that the
data packet has been incorrectly received and the errors can-
not be rectified by the redundancy, 1n step 12 the sending radio
station Tx 1s signaled by a NACK (Negative Acknowledge)
message that the data packet has to be retransmitted. This
means that the data packet will continue to be held 1n the
transmission bufler 7 and 1n the receive builer 10 until 1t has
been correctly recerved or, if applicable, a maximum possible
transmission delay has been exceeded.

In step 13, in the receiving radio station Rx, the success-
tully received data packets of the data stream are assigned by
the data stream indicator to a service-specific reordering,
buffer 14 or 15 in which the original sequence of the data
packets of a data stream 1s restored. This respective data
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stream 1 or 2 can subsequently be further processed 1n the
known manner on the receive side. Alternatively, the reorder-
ing butler can also be used collectively for all services, since
the data packets of the individual data streams can be
uniquely assigned by the data stream 1ndicators.

The invention has been described in detail with particular
reference to preferred embodiments thereol and examples,
but it will be understood that variations and modifications can
be effected within the spirit and scope of the mvention.

What 1s claimed 1s:

1. A method for transmitting data packets according to a
hybrid automatic repeat request (HARQ) process 1n a radio
communication system comprising:

communicating data packets through a first radio station

having a send side, the data packets relating to different
respective services, the data packets being communi-
cated through at least two data streams;

marking data packets on the send side of the first radio

station with an indicator, the indicator identifying the
data stream of the data packet and/or the service of the
data packet;

assigning the data packets to at least two data streams on

the recetve side of a second radio station, based on the
indicator; and

using a common HARQ) process for both of the at least two

data streams, a common HARQ) process for the data
packets being communicated through the at least two
data streams.

2. A method according to claim 1, wherein the indicator
contains sequence number information.

3. The method according to claim 2, wherein

for simultaneous transmission of a plurality of data packets

of a data stream, data packets are concatenated into
groups, and

the sequence number information 1s assigned to a group of

data packets instead of individual data packets.

4. Method according to claim 1, wherein

the HARQ process confirms correct or incorrect reception
of the data packets.

5. The method according to claim 1, further comprising
storing the recerved data packets 1n a receive builer imple-
mented on the receive side.

6. The method according to claim 2, further comprising:

storing received data packets in a data stream or service-
specific reordering bufier; and

restoring the data packets to their original sequence based
on the sequence number information.

7. The method according to claim 1, further comprising
storing transmitted data packets 1 a transmission buffer
implemented on the send side.

8. Method according to claim 3, wherein

the HARQ process confirms correct or incorrect reception
of the data packets.

9. The method according to claim 8, further comprising
storing the received data packets 1n a receive buller imple-
mented on the receive side.

10. The method according to claim 9, further comprising:

storing received data packets in a data stream or service-
specific reordering bufier; and

restoring the data packets to their original sequence based
on the sequence number information.

11. The method according to claim 10, further comprising
storing transmitted data packets 1 a transmission buffer
implemented on the send side.
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12. The method according to claim 1, wherein the HARQ
process 1s performed on the data packets after reception,
betore the data packets are separated into the at least two data
streams.

13. A method according to claim 1, wherein the first radio
station 1s a base station and the second radio station 1s user
equipment.

14. A method according to claim 1, wherein the first radio

station 1s user equipment and the second radio station1s a base
station.

15. A method according to claim 1, wherein the first and
second radio stations are base stations.

16. A method according to claim 1, wherein the first and
second radio stations are user equipment.

17. A radio station of a radio communication system for
transmitting and recerving data packets according to a hybrid
automatic repeat request (HARQ) process, comprising:

a transmitter to transmit data packets from at least two data
streams relating to at least two respective services;

a receiver to receive data packets and output at least two
data streams;

means for adding a data stream indicator and/or a service
indicator to the data packets; and

means for performing a common HARQ process for the at
least two data streams.

18. The radio station according to claim 17, further com-
prising means for adding at least one of a data stream specific
sequence number and a service-specific sequence number to
the data packets of the at least two data streams.

19. The radio station according to claim 17, turther com-
prising means for confirming correct or incorrect reception of
data packets using the HARQ) process.

20. The radio station according to claim 17, further com-
prising areceive buller for storing received data packets of the
at least two data streams.

21. The radio station according to claim 17, further com-
prising a transmission builer for storing transmitted data
packets of the at least two data streams.
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22. The radio station according to claim 17, further com-
prising means for confirming correct or incorrect reception of
data packets using the HARQ process.

23. The radio station according to claim 22, further com-
prising a receive buller for storing recerved data packets of the
at least two data streams.

24. The radio station according to claim 23, further com-
prising a transmission builer for storing transmitted data
packets of the at least two data streams.

25. The radio station according to claim 17, wherein the
HARQ process 1s performed on the data packets after recep-
tion, before the data packets are separated 1nto the at least two
data streams.

26. A transceiver comprising:

a transmitter unit to transmit data packets from at least two

data streams relating to at least two respective services;

a receiver unit to receive data packets and output at least
two data streams:

an add unit to add a data stream indicator and/or a service
indicator to the data packets; and

an HARQ unit to perform a common hybrid automatic
repeatrequest (HARQ) process on recerved data packets
betore the received data packets are separated mto two
data streams.

277. A radio communication system comprising:

a first radio station having a send side, the send side com-
municating data packets relating to different respective
services, the data packets being communicated through
at least two data streams;

the send side of the first radio station marking data packets
with an indicator, the indicator identifying the data
stream of the data packet and/or the service of the data
packet;

a second radio station having a recerve side, the recerve side
assigning the data packets to at least two data streams
based on the indicator; and

using a common hybrid automatic repeat request (HARQ)
process for both of the at least two data streams.
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